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Description 

1. Bactotxindofthelnwntk)n 

The present invention relates to a method for reversing age-related changes intheGpid composition of heart musde 
tissue and other age-related physiological characteristics. 
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3. Background of the Invention 

45 One of the biochemical changes which occur with aging is-a change in membrane lipid composition. In manvrtafon 
plasma membranes, the main variation occurs in the relative composition of prK> sp hatidytchoKne'(PC). which decreases 
with age. and cprmgomyetin (SM) and cholesterol, which increase with age (Barenhotz). The changes in the relative 
amounts of PC and SM is especially great in tissues which have a low phosphoipd turnover. For example, plasma 
membranes associated with the aorta and arterial wafl show a 6-fold decrease in PC/SM ratio with aging. SM also 

so increases in several diseases, inducing atherosclerosis. The SM content can be as high as 70-80% of the total phos- 
pholipids in advanced aortic lesion (Barenholz 1982, 1984). 

The most striking differences between PC and SM derived from biological membranes are (a) the phase transition 
temperature of the lipids, and (b) the tya/ogen-bonding character of the two lipids ina lipid bilayer. Most springpmyefins 
have transition temperatures in the physiological temperature range between 30* and 40*C. whereas most naturally 

55 occurring pric^phatidylchofines are wen above their transition temperature at 37«C (Barenhotz 1980. 1982. 1984). In 
terms of hydrogen bonding, the difference in the polar regions of these two lipids enables SM to be both a donor and 
acceptor of hydrogen in hydrogen boncSng, while PC can only serve as a hydrogen donor. 

Whether or not related to these differences, the relative content of PC to SM in marnrna&an plasma membranes 
appears to affect cell functioning significantly. The inventors and colleagues have recently reported on changes in the 
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next u c*ys * cU1ure. Tne lipid corrposibon ch*^^^ 2 * «*" 1 

as measured by the beating rate of the cultured crtfeB«tv^^«T^i?^ tZ?^^ 0 * mh * 4rtM " 
160 to about 20. and significant increases in BukSv^JX^ Z^^J'T* b6a ^ nute ,e " <™ 
ateo observed. One of these enzymes was crea^^^^J^^^^ « Vma *°NA were 
energy transport from rrftccrpr^to^briis. and inW^Si Jolvt^^ ""T^ 1 "" 
(Yechiel 1985a. 198Sb). c ano .n me reguiaton of energy production coupled to energy uttazton 

be aJtered by er^vneSXr S^^^ZS^^^^, me "* ranes «" 

positive correction between ^ * SM aScn^eS^n 1 ^^L^J^' * * ^ 
in the content of one are tt^change^ t^^S^JS^^^ 1 ^ 

It is not dear how cells maintain the various lipid oorx^^^^J^i!^ 1 
changes with aging, in theory. I** ct>rSc^d^elS^rf^ ^ membf ^«. or why Hpid composition 
radation of specific Ipid aZZ£7SZ£ ^^^^^TT^JZ^ * "+ 

membrane. The latter mechanism has recefvedlofisid^l^^Sr 0 °V trans ' 6f between senm ** eel' 
^cultured biological cel^^ 

lip* bilayer vesicles or liposomes (PRmnaM^Q^^f^^" b,0toflicaJ membran « s ^ artificial 

cells and Iposomes is o/CS'^ 

density serum Apoproteins (W^. KfiTSESSlS^^ 

and/or serum lipoprotein particles is also well known (Hasin <We P T «"«*™* and Iposomes. 

POSM ratio over time is accc^ied^^ ^beS?^ TSE.'SS JS^aTE ^ 

both PC/SM ar* PCfcS£r^2^ exChanfle 

such as CP* wh^wou* ™£££XE?^^ ^^^T^ ^ 

restored of tissue ceS^h^T^^ ^ * ' e ' UVena,,0n °< *• ^ 

£ ^ 3 btty add ^ DPPC * ««« <° ■» ^JS^ZZZ 



the present invention. 
4. Summary of the Inwmtinp 
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ina ^^'?^^! V ^ h9 USe °* l ' 50Som « h**, « <«* component cornprising prwsphatidylcholine hav- 

!«InT^^«Lr^^l^2^^ aoe-related changes in heart muscle cells, by intravenous administration of the Iposomes 
until a significant drop in serum creatinine pr»sphc*mase is observed w icxjsornes 

A< ^^toanitiportartaspectofthepresem 

^S^J^rtfl 6 " MmalS 6 P osomes * intravenous admiration. (£e 

s^eantbenefft of the liposome treatment is that the ability to withstand respiratory dress. ^hn^M a 

improvement in respiratory hardiness are produced within several days of initial 

^n!?? mettl ° d 45 "W* 03 " 6 «° be* veterinary animals and humans. ^ 

whJ? «!hT°'!r? lipid exchange isreflected in a rx^of physiolooical changes 

2£f^£?* ° bS !^ SenOT ^ * e ^ i^ 1 ^ (veterinary animal o, n^foTe^S 

change^ade^ease.n the serum 
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animals. Typically, serum CPK in a r elatively aged animal wffl fall by 50% a more several days after liposome adminis- 
tration is first begun. Another change which is readily observable in the treated animal is greater tolerance of the red 
blood ceite to csmotk: shock. Again th* 

inrfvidual showing an osmotic fragility which is characteristic of the animal at a younger age. The change in osmotic 
5 fragjfity presumably is due to a greater PC/SM and/or phosprwTtpd/cholesterol ratio which occurs in red blood celts as 
a result of the fiposome treatment 

The use of the invention preferably involves a suspension of fiposomes containing substantially more EPC and 
substantially less SM than that characteristically found in heart tissue from individuals of about the same age. In one 
preferred embodiment the liposomes are small unilamellar vesicles (SUVs) having sizes predominantly between 0.02 
f o and 0.08 microns, and composed predominantly or exclusively of purified EPC. The liposome suspension is administered 
in an amount which is effective to produce, over a period of at least several days, a subs tan t ia l decrease in the level of 
serum CPK in the treated anirnaL The course of treatment can be followed by monrtoring blood CPK or changes in blood 
cefi lipid composition or osmotic fragility. t 

Another important use of the fiposome treatment method is for increasing longevity in the treated individual. Studies 
is on laboratory animals indicate that treating relatively aged animals with Gposomes over an extended period increases 
animal lifespan by an average of about 36%. 

Still another important use of the method is for increasing male sexual competence. Treating relatively old tab animals 
with liposomes according to the invention reversed the near-complete loss of competence normally seen in in the older 
male animals, "[he method is particularly useful for treating older breeding animals. 
so Accordingly, the use of the invention can concern treating an aged inaivkiual which significantly enhances th ani- 
mal's ability to withstand respiratory stress. 

The use of the invention can also concern reversing age-related lipid composition changes in heart muscle celts. 

The use of the invention can also concern a method in which the course of treatment can be easily monitored by 
changes in serum enzyme levels or red blood cell properties. 
2S The use of the invention can also concern a method which leads to qualitative benefits in aged individuals, including 
greater longevity and sexual function. 

These and other objects and features of the invention will be more fully appreciated from the following detailed 
description of the invention. 

30 Detailed Description of the Invention 

1. Preparation of liposomes 

A* Unsized Liposomes 

35 

The invention involves, in one aspect administering liposomes parenterally to an individual (a veterinary animal or 
human) to reverse age-related changes in the lipid composition of organs and tissues, such as heart muscle cells and 
red blood cells, by lipid exchange. Since the aging process in heart muscle is characterized in decrease in PC, and a 
concomitant increase in SM and cholesterol, the liposomes are designed to promote exchange of PC from liposomes 
40 to heart cell membrane, and exchange of SM from the heart muscle to the liposomes. The liposomes are also preferably 
designed to promote cholesterol exchange from the organs and tissues, such as heart muscle cells and red blood cells, 
to the liposomes. 

In order to promote the desired lipid exchange, the mole percent of liposomal EPC is substantially greater than, and 
the mole percent of SM is substantiafty less than, that of heart tissue from the treated individual, i.e.. the PC and SM 

<5 levels characteristic of individuals of the same age, species, and sex Preferably the liposomes contain at least about 
25 mole percent more EPC and at least about 10 mole percent less SM than the heart muscle cells in the treated 
individual. In one preferred fiposome preparation described and used in Examples I- VIII. the Gposomes are formed of 
substantia^ pure EPC. These gposomes act to increase the PC/SM ratio of the heart cefls. and to lower cholesterol 
levels, as win be seen in Example IL The extent of cholesterol reduction can be modulated, from maximum reduction to 

so virtually no reduction, by increasing the amount of cholesterol from zero up to a mole percentage comparable to that in 
the heart muscle cetfs of the tested inrfvidual 

Another important consideration in the selection of liposome lipids is the acyt chain composition of the phospholipids. 
As indicated above, the shift from PC to SM phospholipid which occurs with age is also accompanied by an overall 
increase in the saturation and chain length of the acyt chain moieties of the membrane p h ospholipids. It is therefore 

55 preferred that the PCa>Tponertof trwlipitehaveana 

to transition temperature, of the acyt chain components in heart celts from the animal at a younger age. The present 
invention uses egg PC. which contains rxedominantly liJalrrttoyU-oieyl PC and l-paJmitoyi^-finoleyt PC. 

The liposomes may contain other fipid components, as long as these are not immunogenic and do not inhibit the 
desired lipid exchange between the liposomes and heart muscle cells. Additional components may include negatively 
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charged lipids, such as phosphatidylolycefol (PG) or phosphatWyteerine (PS). Of course, the mole percentage of these 
lipids should be relatively low with respect to PC. Lipid protective agents, such as a-tocopherol (a-T) a-tocopherof 
acetate, a a-tc<c**ert>lsu^ 

nents against free ratal damage (Levida). Typically such agents are included at a mole percentage between about 
0.9% and 2V It is advantageous to add a-T to the liposomes to maintain a balance between vrtarrtn E and polyunsat- 
urated ^pids in the liposomes. 

A variety of methods for producing liposomes are available, and these have been extensively reviewed (Szoka 1 960) . 
In general these methods produce liposomes with heterogeneous sizes from about 0.02 to 1 0 microns or greater. Since, 
as win be discussed below, liposomes which are relatively small and wed defined in size are preferred for use in the 
present invention, a second processing step for reducing the size and size heterogeneity of liposomal suspensions will 
usuafy be required. 

In one preferred method for forming the initial liposome suspension, the veside-forrring lipids are taken up in a 
suitable organic solvent system, and dried |n vacuo or uncter an inert gas to form a Ipid f im in a vessel An aqueous 
suspensions medium, such as a sterile safine solution, is added to the ftm, and the vessel is agitated untfl the lipids 
have hydrated to completion, typically within 1 -2 hours. The amount of aqueous medium added is such as to produce 
a final liposome suspension containing preferably between about 10 and 30 g Spid per 100 ml. 

The lipids hydrate to form multilamellar vesides (MLVs) whose sizes range between about 0.5 microns to about 1 0 
microns or larger. In general, the size Distribution of MLVs can be shifted toward slightly smaller sizes by hydrating the 
lipids under more vigorous shaking condtions. Example I describes the preparation of egg PC MLVs, prior to treating 
the MLVs with ultrasonic irradiation to reduce the liposome sizes. 

The aqueous meoium used in forming the liposomes may contain water-soluble agent(s) which enhance the stability 
of the liposomes on storage. A preferred stabilizing agent is an iron-specific trirtydroxamine chelating agent such as 
desferricxamine. The use of this compound in reducing Bpid peroxidation and free radical damage in drug-containing 
liposomes has been reported in co-owned US. patent application of Tiposome/Anthraquinone Drug Composition and 
Method", filed 6 December 1985 (US-A-4.898.735). Briefly, it was shown there that the combination of a fipoprriic free- 
radical quencher, such as a-T. and the water-soluble chelator gave substantially better protection against Ipid peroxi- 
dation damage than did either protective agents alone. The chelator is included in the aqueous medium in molar excess 
of the amount of free iron in the medium. Typically, a chelator concentration of between about 10-50 \xM is sufficient. 

B. Sizing Liposomes 

The liposome suspension may be sized to achieve a selective size distribution of vesicles in a size range less than 
about 1 micron and preferably less than about 0.2-0.3 microns. Liposomes in this size range can be readily sterilized by 
filtration through a depth filter. Smaller vesides also show less tendency to aggregate on storage, thus reducing poten- 
tially serious vascular blockage problems when the composition is administered parenterafly. Finally, liposomes which 
have been sized down to the submicron range show more uniform btodistribution and drug clearance characteristics. 

Several techniques are available for reducing the sizes and size heterogeneity of liposomes, in a manner suitable 
for the present invention. Ultrasonic irradiation of a liposome suspension either by bath or probe sontcatfon produces a 
progressive size reduction down to small unilamellar vesicles (SUVs) between about 0.02 and 0.08 microns in size. A 
sonicating procedure used to produce SUVs is described in Example I. Homogenizatfon is another method which relies 
on shearing energy to fragment large Eposomes into smaller ones. In a typical homogenization procedure. MLVs are 
recirculated through a standard emulsion homogenizer until selected liposome sizes, typically between about 0.1 and 
0.5 microns, are observed. In both methods, the particle size cSstrfoution can be monitored by conventional laser-beam 
particle size cfscrirrinatioa 

Extrusion of Cposomes through a small-pore polycarbonate membrane is an effective method of reducing Sposome 
sizes down to a relatively well-defined size distribution whose average in the range between about 0.03 and 1 micron, 
depend ng on the pore size of the membrane. Typicafly. the suspension is cyded through the membrane several times 
until the desired fcpo so me size cSstribution is achieved. The cposomes may be extruded through successively smaller- 
pore membranes, to achieve a .gradual reduction in Sposome size 

More recently, it has been cSscovered that a suspension of liposomes having heterogeneous sizes above and below 
1 micron can be sized efficiently by passage through an asymmetric ceramic filter. A preferred ceramic fitter is a Ceraflow 
Microfirter. 02-1 p. inner-surface pore size, available commercially from the Norton Company (Worcester. MA), and 
supplied as a muttif3ter cartridge-type fflter apparatus. This sizing method is descrfoed in U.S. patent No 4 737 323 for 
•Liposome Extrusion Method", fled 13 February 1986. 

Cermifugatkxi and molecular sieve crtromatogTaphyare other methods which are available for produ<^ a fiposome 
suspension with particle sizes below a selected th^ 

removal of larger liposomes, rather than conversion of large particles to smafler ones. Liposome yields are correspond- 
ingly reduced. 
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The size-processed liposome suspension may be readily sterilized by passage through a sterilizing membrane 
having a parfde dscrimirurtion size of about 02 microns, such as a conventional 022 micron depth membrane filter. If 
desired, the Gposome suspension can be ryophiiized for storage and reconstituted shortly before use. 

5 II Treatment Methods and Results 

A. Liposome A dmin i stra tion 

In one treatment method, the liposomal suspension is administered parenteral Jy in one or more doses until a desired 
io change in the fipid composition of heart muscle cetl is produced. Changes in lipid composition in heart musde cefls are 
accompanied by changes in serum CPK and in red Hood ce0 property altowtngtrw 
readily by blood sampling. 

The fiposomes may be conveniently administered as a series of dosages, given over a period of at least several 
days, and preferably maintained by continued doses at one to several month intervals over the lifetime of the treated 
if individual. The amount of liposomes administered at each dose is preferably between about 0.01 and 1.0 g per kg of 
body weight and may be substantially less. A typical dose tor an 80 kg indhridual would be between about 40 and 60 
grams lipid, corresponding to between 200 and 400 ml of an up to 20% liposome suspension. Administration may be 
by rv injectm but is preferably dorw by rv 

at the site of admrustration. The liposomes may be suspended in stenle safine a in a nutritional or drug-containing 

20 medium, such as a glucose/salt medium, to combine Gposome treatment with other parenteral therapy. 

Before the first dose is given, a blood sample is taken for termination of serum enzyme and/or blood ceA charac- 
teristics which will be monitored during the course of the liposome treatment As will be discussed below, liposome 
treatment produces a readily measurable drop in serum CPK level, to a level characteristic of the individual at a much 
younger age. The fait in CPK presumably reflects a reversal in age-related (pid composition in muscle cells, as docu* 

25 merited in Examples II and III. respectively. The liposome treatment ts continued until a drop of at least about 25% in 
serum CPK. and preferably 50% or more, is observed. In the study descrtoed in Example II. serum CPK levels declined 
to about 1 5% of their pre-treatment values after nine days of treatment 

Liposome treatment also produces easily observable changes in the lipid composition and osmotic fragility of red 
blood cells. These changes are documented in Examples IV and V below. Osmotic fragility can be determined using 

30 simple spectrophotometric techniques to measure percent hemoglobin release when the packed cells are suspended 
in one of a series of narrowly graded satt solutions. The method is descnoed in Example V. 

The change in lipid composition of red blood cells can be determined by first extracting blood-cell lipids, then sep- 
arating selected lipid components by conventional chromatographic methods. PC and SM can be separated readily by 
thin layer chromatography (TLC) as descrtoed in Examples I and IV. for determining the PC/SM ratio. An advantage of 

35 following blood celt PC/SM ratio changes to monitor the course of liposome treatment is that relatively large PC/SM 
changes are observed. For example, in the 9-day treatment descrtoed in Example IV, the PC/SM ratio in red blood cells 
in 18-month old rats increased nearly 7-fold. 

where the therapeutic liposomes are also designed to promote cholesterol exchange from tissues and organs, 
such as heart tissue cells, to the liposomes (by virtue of low cholesterol content in the fiposomes), the course of therapy 

40 may also be monitored by following the changes in the cholesterol content. Methods for measuring and expressing 
changes in membrane cholesterol are detailed in Examples I and 111. Changes in phospholipid composition in erythro- 
cytes during liposome treatment are generally more modest than those in PC/SM. 

Following the first liposome administration, the levels of serum CPK (or red blood cell characteristic) are measured, 
and a second Scotoma dose is given typically 2 to 7 days after the first dose. Further doses may likewise be given at 

45 2-7 day intervals untfl the serum property being measured begins to plateau. Thereafter, the individual can be rraintained 
at the desired feid composition state by periodc maintenance fiposome treatments, e.g., every 1-2 months. Example 
VIII flustrates a treatment regimen in which lab animals were treated inrtialty with two liposome doses spaced a week 
apart then maintained with a single Iposome injection every two months. The animals showed at least a 36% increase 
in longevity over untreated animals. 

50 - 

B. Biochemical Effects 

The fiposome treatment descnbed above was tested in laboratory animals, to determine its effectiveness in reversing 
age-related changes in the lipid composition of heart muscle cefts, and increasing resistance to respiratory stress. In 
5f one series of tests, 18 month old rats were treated with three liposome doses, administered every three days for six 
days (three injections), and the animals were sacrificed three days after the final injection. The PC/SM and cholesterol 
content of heart musde ceHs was determined as detailed in Example II. The values were compared with those obtained 
from relatively young animals (three months old} and from untreated 1 8 month old animals. The results show that both 
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the more than twofold decrease in PC/SM olio and the more than threw**! irvr^- ^ , 

nor™* between age**,* a* e^ ^ ^^n^^'^Te^rT ^ 

approximately ftreetoU increases in bom ^ s^^«J^TL" ^ fl* 000 " 1 *™* * 

heart cefl CPKdecSned about three** to levels nc^ly s«n ha m^^n "f^ 0 * Sposome *«tment 
to aleve, s*stantiai>y 

provded a sensitive indicator of heart Ipid changes occumng durtrw fe^^^T^^Il!^ ^ 
^•CPKc^treatm^^ 

change in lipid composition also ''^^^^T^^^^^l^^'^ 
month oU animals were isolated, cultured i«J^xlZ«S^t^l^^ ^"l"*** <** •tf*** 1 
exchange with egg PC Iposomes. The 

decrease in POSM ratio and an increase in cholesterol lev* wt™ con^g^^^ * 
re^ir^Sm!^ < ^r^r re r --^r^^^ P tST^ 

ag^^anges in PC/SM cafe a* cWestero, leTwS^^ o^^^l^ 
of age. both increasing the PC/SM ratio and decreasing the cholesterol te^h^^^^l^T TO * hS 

HI. Theraoemic Usps 



A. Increase d Rrerstancp to Respiratory str^ 
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«rJ? therapeutc appl^atwn of the present invention is increasing an individual's ability to withstand cardiac 

sfress. This appficaton * valuable for individuals who have suffered cardiac trauma, such TSSSlS^^ 
who are at high risk of heart trauma, m either case, additional stress on the h«rTir7^ l^Tw? ^I** « 
^ZSX - cause ca**c^^ * °^ 

stress^ b66n ^J" l3b0rat0ry H «* *• animafs aba* to withstand cardiac 
stress oetore and after treatment was measured by a standard lab ryneedur« in «„ , - . . . _ 

volume ^mber which does not altow gas exch^et^^^o^^^^S'S 

m- V"* W6re 313,6 to "ood pressure about 50% longer than untreated rats. The treat* rati 

t^^^^!^ ina9aS€ * ^ CPK during the testthV, untreated aninXeWrSa^ 
^l!^ ^f^****™* heated aromais ma^ed cooparable levels 

a ^r^J^^^!!r^ have prwwushr nvestigated the relationship between membrane fed composition 

^^^^^d^c^ jT 1 ^ »«» rnentiooed abc**. shc^Tme 

abouM £ Si^^fS^S^* 8 feurto « wta y cufture period and cholesterol content/DNA increased 

cell. nduding membrane ipd corrposrton. enzyme levels, cefl morphology, and heart activity as measured bv belt 
frequency, fa particular, the rap* resKxatwa of Wtiaj cell b^^ «^^^^^^^ 

^^^II^2'^''2lf^^ ihfiposom*<reated animals is due, at least in part, to enhanced heart penonnance. 

viduJS STI^S SpOSOma "X******™ regimen outlined above, in which tf» irdi- 

^ZwTESZZ? ""T" body w^^oneanw. subset 

oose every 2-7 days thereafter, at a long-term dose rate of between about 0.001-1 g Cpidfte animal wwattMoerdav A 

Sn^°!™^ •T^ at « 3 «° «^ Change of PC from the Bposomes rto the heart cellsHnd^ 

exchange »ithe opposrte directon. as deserts above. The liposomes are also preferably formulated to promote cho- 
lesterol exchange from the ce-te to Iposomes. arrf one preferred liposome lormulat^composed of pTe« «T 
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However, it may be advisable in Jong-term treatment to include cholesterol in the liposomes, to prevent too much cho- 
lesterol depletion in the red Hood cells. 

Biochemical changes in lipid composition of the heart are monitored, as above, by measuring related changes in 
serum CPK and/or changes in red blood cell lipid composition a osmotic fragffity. Heart functioning can be monitored 
5 during the treatment period by conventional EKG. 

B. Increased Animal Longevity 

According to another aspect of the invention, it has been discovered that laboratory animals which have received 
10 liposome treatment, as described above. live significantly longer than untreated animals. The results of a study on lon- 
gevity of male laboratory rats is described in Example VII. Briefly. 30 month old rats were given an initial injection of 
liposomes, followed by a second injection 1 week later, and maintenance injections every two months. A group of 
untreated rats died between ages 32 and 38 months, with an average age of death of about 34 months. The group of 
treated animals were sacrificed between ages 42 and 48 months. 
is It is interesting to note that longevity was extended in the treated animals, even though treatment was not begun 
until a relatively advanced age. i.e., within a few months of the time the animals would normally have died. This f nding 
indicates that liposomes are effective in reversing age-related changes in fipid composition, even at an advanced age. 
The approximately 36% increase in longevity incScates that the alteration in lipid composition produced by liposome 
treatment confers widespread physiological benefits (including, presumably, increased cardiac performance) wttch are 
so related to longevity. The increase in longevity which is achievable can be appreciated from the projected result in humans. 
Assuming that a human lives on the average about 2 years for each month of a laboratory rat liposome treatment would 
result in a major increase of longevity. 

C. Increased Male Sexual Competence 

25 

Another benefit conferred by liposome treatment is an apparent increase in fertility of treated males. In the study 
reported in Example VIII. male lab rats 30 months and older received three liposome doses over a 6 day period. Normally 
male rats at this age are unable to sire fitters when placed in the same cage with younger, otherwise fertile female rats. 
For example, when ten untreated rats of this age were each housed with three female rats, each 5-6 months old, only 
so two out of the thirty females had litters, and in each case, the litter was smaller than the usual 10-13 animal litter sired 
by younger males. Treated rats, by contrast showed normal male fertility. All of the rats sired litters in all three females, 
and all of the litter sizes were the normal 10-14 size. 

The treatment regimen in animals preferably involves a series of liposome injections several days to weeks before 
mating activity. The course of the treatment can be followed, as above, by monitoring the change in serum CPK or 
35 change in erythrocyte properties, as discussed. The treatment is expected to be especially useful in horse and cattle 
breeding, where extending the breeding life of selected animals would be valuable. 

The following examples illustrate various aspects and uses of the present invention, but are in no way intended to 
limit the scope thereof. 

40 Materials 

Egg phosphatidylcholine (egg PC) and bovine brain sphingomyelin (SM) were prepared according to known methods 
(Shinitsky. barenhotz 1976). Both lipids were more than 99% pure, based on thin layer chromatography analysis. The 
egg PC fatty acid composition was similar to the reported ccnposifon (Hertz). The main PCs of the preparation included 
45 1 •paJmttoyl^2-oieyl PC and 1 -paJmrtoyl^-ltnoleyl PC. Cholesterol, about 99% pure, was obtained from Sigma (St Louis. 
MO). Thinfayer ch r omat ography plates - 0.2S silica gel HR and 0.024 sflica gel - were obtained from Merch (Darmstadt 
Germany) and Anaftech (Newark, DE). respectively 

Example I 

50 

Preparation of §mafl Unilamellar Vesicles 

Egg PC dissolved in chloroform was placed in a 100 ml vessel and dried to a thin ffim under nitrogen. Sterile saline 
was added to the lipid film to a final concentration of about 100 mg/ml, and the tpid film was hydrated with swirling. The 
55 resulting rrUtflameUar vesicle (MLV) suspension was then bath sonicated for 1 hour using a Heat System Sonicator. 
Model 37SW. at a power setting of 40*50% full value. The temperature of the suspension was maintained at about 4*C 
under nitrogen during sonicatioa The sonicated suspension was separated from large vesicles by uttracentrifugation at 
100.000 g for 1 hour (8arenhoiz 1977). The suspension of SUVs, having a concentration of about 100 mg/ml. was filter 
sterilized. 
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Effect of Aoe and SUV Treatment on Lipid Comnr«ftinn ft* Heart Musde Cefo 

T>i«SpkJcompo6itonofrmrtrnu^ 
Iposome treatment were examined. Each of the three g/ops contained six animate, and the animate were injected 
through the tail vein with either sterile saline (3 month and 18 mc^ untreated 
Exanple 1. The treated arttrrtate were 

per animal, and the untreated animals received a similar volume of sterile saline over the same period. Three days after 
the final injection (9 days after the first injection), the animate were sacrificed by exsanguination art* the Wood was 
saved for further analysis. 

The heart was renwe^.wa^ with oaWsafeie (0.15 M NaCT). and after mincing, either freshly tomogenized or 
frozen at -TO«C tor taterrxxTK^^ {j . 
a Teflon piston in a glass homogenizer, with about 50 strokes. 

A portion of the homogenate was %>d extracted (Fdtch) and the total ptosphofipid and cholesterol were determined 
on the chloroform-rich lower phase, as described previously (Bartett Barenhotz 1978). The PC and SM content were 
determined by thin layer chrornatography (TIC), by either one^ensfonaf chromatography on silica gel HR plates, or 
two- cumensional chromatography on silica gel plates, according to published methods (Yechiel 1985a. >avin) 

The lipid composition data are shown in Table 1 below. The PC/SM ratios are expressed as moles PC per mole SM 
and the cholesterol levels expressed 

Total DMA content per volume of homogenate remained relatively constant over time and with Iposome treatment All 
data represent the average values of six animate. 



TABLE I 



Age (months) 


SUVs 


PC/SM 


Choi. 


3 




10 


100 


18 




4.5 


333 


18 


♦ 


13.7 


80-100 



The lipid composition data show that PC/SM tails more than twofold and cholesterol increases more than threefold, 
between ages 3 and 18 months. The age-related changes were completely reversed in 18 months old animals, after 
nine days of liposome treatment and in tact the PC/SM was significantly higher than the normal ratio seen at three 
months. 

Example III 

Effect of Aoe and SUV Trpatment on Ho art Cell and S«rtfm HPK; 

Blood samples from the three groups of animals in Example II (3 months. 18 months, and 18 months treated with 
SUVs) were centrifuged at low speed to remove blood cells. The resulting serum fractions, and each of the heart cell 
homogenatea prepared in Example It, were assayed for CPK activity. The enzyme was determined using a CPK diag- 
nostic kit obtained from Sigma (St Louis. MO), as descrfeed in Sigma Technical Bulletin No. 45-UV. The results are 
shown in Table II, where heart cefl enzyme actMtyte expressed as rnU per wrmrt 
as mU per ml serum. 



TABLE II 



Age (months) 


SUVs 


Heart CPK (mU^tg QUA) 


Serum CPK (mU/jd) 


3 




20-25 


7.5 


18 




65 


20.0 


18 


+ 


20 


2.5 
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The data show that both heart cefl CPK and serum CPK (which represents enzyme which has been released pre- 
dominantly from musde tissue) increase two to threefold from ages 3 to 18 months. This increase is completely reversed 
in heart musde after 9 days of liposome treatment and in serum about an 8-fold drop in CPK activity was observed. 



s Example IV 

Effect of Ana and SUV Treatment on lipid Composition in Red Blood Cells 

The Wood cefl pellets from Example III were resuspended in cold saline and centrifuged at 1000 x g for 5 minutes. 

ro and the lyrnphocyte buffy coat was removed, yielding a fraction of red blood celts. This fraction was washed two times 
with cold saline to further remove white cells and serum cc<rtaminams. The cells were then homogenized gertty in cold 
saline and the red cell merrtxanes fractionated from supernal % g for 20 minutes. A portion 

of the cell membrane pellet was fipid extracted, and total phc^profipids, cholesterol, and PC and SM were determined 
as described in Example II. Table II below shows PC/SM ratios, expressed as mole PC/mole SM and cholesterol content 

is expressed as jimole cholesterol/ jig ONA tor the three different animal groups. As in Tables Ml. the data values in Table 
III represent the averages for six animals. 



TABLE III 



Age (months) 


SUVs 


PC/SM 


Choi. 


3 




1.1 


4.5 


18 




0.6 


6.0 


18 




4.0 


3.0 



As seen, red cells showed about a two fold decline in PC/SM between ages 3 and 18 months, and treatment with 
PC SUVs at 18 months increased this ratio nearly sevenfold. At the same time, cholesterol showed an approximate 30% 
rise between ages 3 and 1 8 months and about a twofold drop after 9 days of liposome treatment 

30 

Example V 

Effect of Aoe and SUV Treatment on Osmotic Fragility of Red Blood Cells 

35 The osmotic fragility of the red blood cell samples obtained in Example II I was determined according to a standard 
procedure. Briefly, about 5 jtl of washed, packed red blood cells were added to each of ten tubes. The aiiquots were 
pelleted by centrifugation and supematartts removed. To each pellet was added 3 ml of cold saline having a salt con- 
centration ranging from 15 to 150 mM, in increments of 1 5 mM. The pelleted cells were rapidly resuspended in the added 
salt solutions by vortexing. After centrifugation to remove intact cells, the supernatant fractions were read spectropho- 

40 tometrically to determine the amount of released hemoglobin. The percent release was calculated as a fraction of the 
total amount of hemoglobin released by detergent lysis of the cells. Percent hemolysis at each of the salt concentrations 
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are shown in Table IV. 
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TABLE IV 



T5 





Percent Hemolysis 




3 months 


18 months 


18 months ♦ SUVs 


ISO 


3 


7 


3 


135 


5 


7 


3 


120 


5 


7 


3 


■ Uw 


8 


ID 


5 


90 


15 


73 


12 


75 


SO 


i 


50 


60 


100 




75 


45 






87 


30 






92 


IS 






94 



35 



45 



SO 



Example VI 

EffKt Of Aflf and SUV Treatment enHwrt r^ii p f agg^^ ^ ^ rft 

^peosKxi (aooat 5x10= ce&/mf) in a 25 ml cutture flask, and incubating the cells on a CYratorY shaker at 27*C w 
1^1^ J^^**^' "* 6at8d ^ ^ treated wrth PC SUVs. prepared as in ExWe 

■ gyiwu/intmr. Trwrneawm, nduSng liposomes, was changed every 24 hours. 

hon^Sri^f ^ '""ffj? P"** *■ «fc «w harvested, washed several bmes with cold saline and 
hanog«med nto cold salm substanbafly as descnbed in Example IL A portion of the cell homooenite 

•or CPK actrvrty and DMA content as descrfced in Example III. The results are shown in Tatte V Mow. whareCP™ 
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expressed as activity units per \iq DMA; cholesterol, as jimole per \iq DNA; and PC/SM. as moles PC/mole SM. " * 



TABLE V 



Age 


SUV 


CPK 


Choi. 


PC/SM 






7 


0.05 


2.0 


3M 




13 


0.06 


1.8 


18M 




17 


0.10 


0.8 


30 




3 


0.03 


2.0 


3M 




4 


0.04 


2.1 


18M 




4 


0.05 


2.1 



The data show the same general lipid composition and CPK trends related to age and liposome treatment as 
observed with in vivo liposome treatment CPK activity, which increases with animal age, is markedly reduced by liposome 
treatment. The approximately twofold increase in cholesterol which occurs between 3 and 1 8 months was substantially 
reversed by liposome treatment as was the approximately twofold decline in PC/SM which occurs between 3 and 18 
months. 

Example VII 

Effect of Aoe and SUV Treatment on Resi stance to Respiratory Stress 

When an animal is placed in a dosed chamber, the normal atmospheric oxygen in the chamber is gradually replaced 
with respired carbon dioxide, and the animal is placed under progressive respiratory stress from increased heart beat 
and breathing rate, elevated blood pH. and falling blood pressure. The length of time which an animal can survive such 
stress (maintain a positive blood pressure) is one standard method for measuring the animal's resistance to respiratory 
stress. Not surprisingly, younger animals are generally more stress-hardy in this test 

In the present example, three male Sabra rats. 15-18 months old, were treated with PC SUVs according to the 
regimen in Example II. i.e.. three injections over a six-day period. Three other rats of the same age received equivalent' 
volume injections of sterile saline. Nine days after the first injection, the animals were tested for respiratory function in 
a closed 600 ml chamber. The animals were anesthetized and "forced" to breath using a pump pulsing 15 times/min. 
The animals were monitored during the test period for blood ores-sure (in one limb), etectrocartf corams (ECG) and 
arterial blood samples were taken every five minutes for analysis of blood oxygen and carbon dioxide levels. CPK levels, 
and pH. The experiment was terminated when the animals' measured blood pressure dropped to zero, and the animal 
was allowed to breathe normal air. 

The average time required for untreated animals to reach a zero blood pressure state was between about 35-45 
minutes. Average endurance of treated animals was reached between about 55-65 minutes. Thus, liposome treatment 
enhanced the abtfity of the animals to withstand the respiratory stress of oxygen depletion and carbon dioxide accumu- 
lation by about 50-60%. Untreated animals maintained a basal level of blood CPK for about 25 minutes, after which 
enzyme activity increased drarnaticairy urrtfl the termination of the test In treated animals, blood CPK remained sub- 
stantalry unchanged far the first 40-45 rrinutes, then increased gradually over the remaining test period, at a rate about 
one-tenth that in the untreated ancmals. 

Blood levels of oxygen, carbon cSoxide, and pH. as a function of the duration of the test were similar in both animal 
groups, i n cScaling that the Increased tolerance to respiratory stress seen in treated animals was not due to different 
blood levels of oxygen and carbon dtcoode. 

Example V1H ' 

Effect of SUV Treatment on Longevity 

This study examines the effect of liposome treatment on animal longevity. The rats tested were 30 month old male 
Sprague-Oawiey rats. Since Sprague-Dawtey rats normally die between the ages of about 24-30 months, the rats tested 
already showed some selection for longevity. A test group of six rats were each given PC SUVs, prepared as in Example 
I. at a dose of between 0.5 and 1 g fiposome lipid through the tail vein, and similarly dosed after one week, and every 
two months thereafter until the animal died of natural causes. The animals were fed ad Ifoitum during the treatment 
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15 



20 



Effect Of S t JV Trft^tTTWrt ^ fr^ r pf Comn^ ^ 

reial^y young rats, wimiwerammais. ^« ^ than rf the same females had been housed with 

saline. Nine day, .ft^f* NectiXZ^^ fl S!l A ^ ^ ^ ****** «eriie 
to 6 months on The 1 male and 3^«l^^^^ a cage with 3 female Sprague-Oawley rats 5 
rented. Ontyabocn in 3 femaJ«^n^T^^J^« w i'!!^'^ ™* 
to about 2 of the 3 females after 7 w^^^^ZT^Tt^ 0 ' 1 *"* produced '*««• «"d «* rate increased 
Wrfh treated males, aboctl oXe 3^StSl2^? ^"I*" — ,ess ^ 
with 3 weeks contact Utter sizes were the r^^,ZS W6ekCCrtact of the females littered 



Claims 



so 
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in the heart cells of the s^jec^ «S^alT^n ^, "f^^P^^chofines 
related changes in heart musSceiSve^lrZ£^^ * mmtemtM *« ***<™« <* 
creatinine phosphokinase is oteerved ™ raVen ° US <* Ifosomes until a secant drop in serum 

30 

2. Use of liposomes according to daim 1 wherein the phosphaMylcWine is egg phosphatidylcholine. . • 

X cSEii 2 " ^ P^aWylcholine is exchanged lor ce.lu.ar 

^ 5. ^a«^ngtocfcim4wher^^ 

6. Use according to dam* or 5 wherem the liposomes comprise less man 10 mole % cholesterol. 

15 

PatentanspfOcfM 

verafxechung der Lwom* b« e^ s^karte Ser^ 
2. Verwer^vonUposorr^rachAr^pru* 

3 ' 5K^3^£^ 
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4. Verwendung nach einem der vorangegangenen Anspruche. win die Liposome mindestens 75 Mol-% gereinigtes 
EiPhosphatidytaftotin oder einen Bestandteil davon umtassen. 

5. Verwendung nach Anspruch 4. worin di Liposome im wesentlichen frei von Sphingomyelin sind. 

6. Verwendung nach Anspruch 4 oder 5. worm die Liposome weniger als 10 Mol-% Cholesterin umtassen. 

7. Verwendung nach einem der vorangegangenen Anspruche. worin die Liposome einschicfrtige Blaschen von vorw- 
iegend 0,02 bis 0.08 Mikrometern GrOSe sind. 

Revendications 

1 . Utilisation de liposomes ayant un composant ipidique comprenant de la phosphatidylcholine ayarrt une composition 
de chatne acytee qui est caractenstique. au moins en ce qui coocerne la temperature de transition, des composants 
de chatne acyiee de phosphattiytcholines dans les cellules cardiaques du sujet a un plus jeune age. dans la prep- 
aration d*un medicament pour le trahement de changements dans les cellules de musde cardiaque lies a rage, par 
administration intraveineuse des liposomes jusqu'a ce qu'on observe une chute significative de la creatinine phos- 
photinase serique 

2. Utilisation de liposomes salon la revendication 1 dans laquede la phosphatidylcholine est une phosphatidylcholine 
d'oeuf. 

3. Utilisation sefon la revendication 1 ou 2 dans laquelte. dans le trahement la phosphatidylcholine de fiposome est 
echangee contre de ta sphingomye^ine cellulaire ou du cholesterol. 

4. Utilisation selon Tune quelconque des revendications precedent es dans (aquelle les liposomes comprennent au 
moins 75 % molaire de phosphatidylchofine (foeuf purifiee ou un composant de celle-ci. 

5. Utilisation selon la revendication 4 dans laquelle les liposomes sortt sensfolement exempts de sphingomyeltne. 

6. Utilisation selon la revendication 4 ou 5 dans laquelle les liposomes comprennent moins de 10 % molaire de 
cholesterol. 

7. Utilisation selon I'une quelconque des revendications precedentes dans laquelle les liposomes sont des vesicules 
unilameilaires de taille predominante de 0.02 a 0.08 micrometre. 
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